Background The controversy surrounding diagnosis of an epithelioid hemangioma (EH), particularly when arising in skeletal locations, stems not only from its overlapping features with other malignant vascular neoplasms, but also from its somewhat aggressive clinical characteristics, including multifocal presentation and occasional lymph node involvement. Specifically, the distinction from epithelioid hemangioendothelioma (EHE) has been controversial. The recurrent t(1;3)(p36;q25) chromosomal translocation, resulting in WWTR1-CAMTA1 fusion, recently identified in EHE of various anatomic sites, but not in EH or other epithelioid vascular neoplasms, suggests distinct pathogeneses.
Introduction
Vascular tumors encompass a wide histologic spectrum, which includes hemangioma, hemangioendothelioma, angiosarcoma, and their epithelioid variants [16, 22] . Because of major differences in their clinical behavior and consequently in treatment and prognosis, it is paramount to distinguish them effectively and accurately. Epithelioid vascular tumors remain controversial because of their rarity, unusual morphologic features, and unpredictable biologic behavior [14, 16] . Moreover, their classification differs depending on whether they originate in the soft tissue versus bone. The World Health Organization (WHO) classification of soft tissue tumors recognizes three different entities based on their distinct level of malignancy [8] such as EH, benign; EHE, intermediate grade of malignancy, with a metastatic rate of 31% [21] ; and angiosarcoma, high grade, with greater than 50% metastatic rates [13] . In contrast, the same edition of WHO classifies bone epithelioid vascular tumors into only two tiers: benign and malignant, EHE and angiosarcoma being included in the same malignant category. This difference in classification stems from the dogmatic belief that malignant skeletal vascular lesions represent a histologic spectrum rather than sharply defined pathologic entities. The terminology and classification applied for the intraosseous epithelioid vascular tumors at the low end of the spectrum have proven particularly controversial [6, 16] . For example, Evans et al. argued that EH is not a distinct clinicopathologic entity but rather a misdiagnosed hemangioendothelioma, a tumor that, unlike hemangioma, has malignant potential [6] . This illustrates the lack of objective diagnostic criteria and the confusion surrounding the classification of this rare subset of vascular tumors. Our opinion and that of others is that the classification of vascular tumors should be uniform regardless of their site of origin [16] .
The recent identification of WWTR1-CAMTA1 fusion, as the genetic hallmark of EHE regardless of anatomic location, provides an objective and powerful diagnostic tool that can be used to distinguish EH from EHE in limited biopsy material. [5] The purpose of this study is to evaluate the pathologic, clinical, and radiologic characteristics of EH arising in bone and soft tissue in the first cohort of patients in whom the definitive diagnosis was supplemented by molecular techniques. Our hypothesis is the improved classification can more definitively elucidate the benign biology of EH.
Material and Methods
We searched the surgical pathology files of Memorial Sloan-Kettering Cancer Center for the diagnosis of EH arising from bone and soft tissue from 1991 to 2011. In each case, the diagnosis of EH was confirmed by reviewing available histologic slides and the positivity for CD31 endothelial marker by a dedicated expert musculoskeletal pathologist (CRA). Fluorescence in situ hybridization (FISH) was performed in retrospect in all cases for the presence of WWTR1/CAMTA1 rearrangements to confirm the histologic diagnosis and exclude the possibility of EHE [5] . As reported previously, we obtained BAC clones from the BACPAC Resources Center of the Children's Hospital of Oakland Research Institute (http://bacpac.chori.org) [5] . Probe preparation and FISH analysis were performed on paraffin-embedded, 4-lm-thick tissue sections, as previously described [1] . However, in five tumors, FISH was deemed unsuccessful as a result of a decalcification procedure. The remaining 12 specimens were negative for signal abnormalities in WWTR1 and CAMTA1genes by FISH ( Fig. 1) . Thus a total of 17 patients were included in the study after pathologic rereview and confirmation of diagnosis.
We obtained demographic, clinical treatment, and followup information from the patients' medical records (Institutional Review Board WA0697-10) ( Table 1 ). The patients had distinctive demographics and tumor distribution. There was a strong predilection for men (13:4) , and their age ranged from 18 to 81 years (mean, 43 years). The anatomic distribution of EH was as follows: 10 tumors in bone, five in soft tissue, and two involved bone and soft tissue. Most tumors occurred in the extremities (arm, two; hand, three; tibia, one; foot, five) followed by the trunk (rib, two; vertebra, one; axilla, one; neck, one; clavicle, one). Four patients presented with multiple sites of involvement, two in the hand and one each in the foot and in the head and neck. Multifocality was restricted to a regional location and typically involved bone and soft tissue in almost all cases. Followup information was available for all 17 patients with a minimum of 6 months (mean, 62 months; range, 6-162 months).
Radiologic images were available for 10 patients and were reviewed by an expert musculoskeletal tumor radiologist (DMP). The first metatarsal bone was involved in two patients (Fig. 2) , and one patient each had involvement of the anterior ninth rib ( Fig. 3 ), clavicle, T2 and T3 vertebrae, and multiple bones in a foot ( Fig. 4 ). In the four patients with EH of soft tissue with available radiology, the lesion was located in the triceps muscle in two ( Fig. 5 ) and one each had involvement of the flexor tendons of a hand and an index finger ( Table 2) .
Results
Characteristic histologic features and the absence of gene rearrangements by FISH distinguished EH from other vascular tumor types. Morphologically, the tumors showed a lobulated or multinodular growth ( Fig. 6) , with a pushing border in the medullary cavity or soft tissues. Although present in variable degrees, all lesions showed vasoformative properties, forming 'mature' vessels with open lumens containing erythrocytes ( Fig. 6A-B ). This was particularly evident at the periphery of the lesions, where well-defined small vessels were lined by epithelioid endothelial cells ( Fig. 6B-C ). In the center of the lesion or of the tumor lobules, the plump, polygonal endothelial cells were rather packed and arranged in solid sheets, thus simulating more aggressive vascular tumors ( Fig. 6E ). Also quite distinct was the hobnailed appearance of the endothelial cells lining larger caliber vessels ( Fig. 6D ) bulging in a characteristic 'tombstone' pattern. The tumor cells often contained abundant, densely eosinophilic cytoplasm ( Fig. 6E ). In some tumors, however, the cytoplasm had a more fine, feathery, or foamy appearance, resembling that of histiocytic cells (Fig. 6F ). Scattered multinucleated giant cells, reminiscent of osteoclast-type giant cells, also were seen intermixed. Intracytoplasmic vacuoles were seen but typically were not a predominant feature (Fig. 6G ). The nuclei frequently were enlarged with irregular nuclear contours and occasional grooves. The cytologic atypia was typically mild, but sometimes focal moderate nuclear pleomorphism, including multilobated nuclei or pseudonuclear inclusions, were observed ( Fig. 6F) . A high degree of cytologic atypia was consistently absent as was the presence of increased mitotic activity or necrosis. Mitotic figures were consistently less than one per 10 high-power fields. In only two patients (one in the foot and the other in the axilla) was the tumor associated with a brisk eosinophilic infiltrate. Although most tumors were purely epithelioid, tumors in two patients also had large areas of spindling composed of short fusiform or oval, bland endothelial cells lining ( Fig. 6H ). One tumor showed abundant extravasated erythrocytes microscopically ( Fig. 6E) , correlating with the dark, hemorrhagic appearance noted grossly (Fig. 3A) . Vascular invasion was identified in only one patient ( Fig. 6I ).
On radiographs the bone lesions often appeared lytic, septated, and expansile. ( Fig. 2A ; Table 2 ) The mean size of the bone lesions was 3.7 cm (range, 1.7-6 cm). One lesion showed a smooth, thick periosteal reaction. CT showed well-defined, septated, lytic lesions with cortical destruction and bony expansion (Figs. 2B, 3B). The lesions were well defined by MRI, being hypointense or isointense to muscle on T1-weighted images, and hyperintense on T2-weighted images (Fig. 4) . In one patient, a small nodule of tumor extended through a region of destroyed cortex into adjacent soft tissues. Preoperative embolization images Fig. 2A-B (A) A radiograph shows the first metatarsal has been replaced and expanded by a multiseptated lytic lesion. No gross calcified matrix is evident in the lesion. An interrupted periosteal reaction was present on the radiograph obtained 16 months earlier (not shown) when the lesion was much smaller. (B) A coronal noncontrast CT image through the forefoot of the same patient shows marked expansion of the first metatarsal with extensive cortical destruction and several thin intralesional septa. The attenuation of the tumor is slightly lower than that of muscle.
Volume 470, Number 5, May 2012 Epithelioid Hemangioma of Bone and Soft Tissue 1501 available for one patient showed an intense blush in the tumor. The mean size of the soft tissue lesions was 5.7 cm (range, 2-12 cm). Radiographs showed a small, lytic intracortical focus in the humerus of one patient (Fig. 5A ) and erosion of a phalanx in another; no lesion was evident in the third. MRI showed the mass to be well defined with an unusual pattern of low-signal inner rings on proton density, T2-weighted, and gradient echo images in three of three patients (Fig. 5C ). A satellite lesion was observed in one patient and a small intracortical deposit in another (Fig. 5B) .
The management used for EH varied considerably, but the clinical course was consistently benign. None of the patients died of disease, including the four patients with multifocal presentation of EH and four patients with local recurrence (Tables 1, 3 ). Treatment ranged from biopsy alone to amputation. Eight patients with bone lesions were treated with intralesional curettage. Three patients, two with rib involvement and one with a carpal bone lesion, underwent segmental resection of their tumors. In contrast, all patients with EH of soft tissue underwent excision with narrow or wide margins, except for one patient in whom only biopsy of the tumor was done. This latter patient was a 63-year-old man diagnosed with an arm EH who did not show disease progression after 64 months of followup. Two patients, including one with T3 vertebral involvement and the other with multifocal head and neck lesions, received radiation therapy. The first patient died of radiotherapy complications, with severe radiation-induced dysphagia. The second patient had locoregional lymph node metastases and received brain radiation and systemic therapy without clinical improvement. The four patients who presented with multiple sites of disease required sequential treatment but all have survived (Table 3) .
Discussion
This study's major limitation is its descriptive nature. The rarity of musculoskeletal vascular tumors mandates that such a study be retrospective to accrue sufficient cases for meaningful analysis. There is no comparison group owing to the small denominator of vascular tumors and elimination of nonEH diagnoses by the newly available FISH markers for other vascular tumors. Some of the histopathologic and radiologic features found in EH might also be seen in the other tumors, so they should not be considered specific for EH. Despite the fact that our series is relatively small, it reinforces a similar outcome as reported by Nielsen et al. [14] , using molecular techniques to enhance the degree of confidence in pathologic subclassification, particularly to exclude an EHE diagnosis, in tumors lacking obvious mature vessel formation, or when confronted with limited material. The clinical information, with multifocal presentation, aggressive radiologic appearance, and/or lymph node metastasis, can be seen in both tumor types and should not be used as the gold standard to favor one diagnosis over the other. In fact, although most patients received conservative treatment, their long-term prognosis was excellent, and none of them died of disease. By contrast, 23% of patients with WWTR1-CAMTA1-positive EHE died of disease [5] .
Our findings suggest EH is a benign tumor with a good prognosis. Based on our experience, EH of bone can be treated effectively with intralesional curettage, whereas EH of soft tissue can be treated with marginal/ wide excision. There was no conclusive benefit of chemotherapy or radiation in any of our patients. Although imaging helps in the diagnosis of intraosseous hemangioma and usually excludes the need for biopsy, it is ineffective in the diagnosis of EH and its closest mimics because these entities lack characteristic radiologic features [10, 18] . The presence of regional multifocal involvement may be the only clue indicating a diagnosis of a vascular tumor [20, 22] . Morphologic and immunohistochemical features remain the cornerstone of diagnosis of vascular tumors and their epithelioid variants. The differential diagnosis of EH includes EHE and epithelioid angiosarcoma. Because of their epithelioid appearance, epithelioid vascular neoplasms also might be misdiagnosed as metastatic carcinoma. Antibodies against certain endothelial markers may differentiate vascular tumors from metastatic carcinomas [3, 12] . Furthermore, features that distinguish EH from epithelioid angiosarcoma include the absence of anaplasia or considerable cytologic atypia, brisk mitotic activity, and necrosis [3] . The more difficult distinction is encountered between EH and EHE as a result of considerable overlap at the cytologic level with epithelioid cells showing well-defined cell borders and abundant, densely eosinophilic cytoplasm. A mild degree of cytologic atypia can be seen in both entities. The presence of a peculiar myxochondroid or densely sclerotic stroma in EHE and the presence, at least focally, of mature vessels with open lumen formation in EH are the only consistent distinctive histologic features between these two entities. However, recent identification of consistent WWTR1-CAMTA1 fusion in EHE, but not in other epithelioid vascular tumors, promises a more objective subclassification [5] . As such, none of the EH tumors with adequate material included in this study was positive for this abnormality. Distinguishing these two entities is critical, because EHE exhibits a more aggressive clinical course than EH with higher rates of multifocality and distant spread [4, 15] .
As much as 25% of EH might be multifocal [2, 16, 19] . Among 50 reported patients with EHs in bone [14] , most presented with a solitary lesion, but nine (18%) had lesions involving more than one bone, similar to the 25% multifocal presentation in the current series. Even more controversial is the rare propensity of EH to metastasize to regional lymph nodes [9] . Evans et al. [6] responded that EH is not a distinct clinicopathologic entity, but rather a misdiagnosed hemangioendothelioma, a tumor with malignant potential. Nielsen et al. [14] countered that EH is a benign, pathologically distinct entity, citing the illustrations from the 2003 series by Evans et al. of 13 cases of so-called ''hemangioendotheliomas'' show in fact characteristics of EH. In the series by Evans et al., three patients received aggressive chemotherapy and three underwent forequarter amputation, hip disarticulation, and internal hemipelvectomy, respectively [6] .
In the current study, two tumors initially were diagnosed as either hemangioendothelioma, not otherwise specified, or EHE. The two tumors designated as hemangioendothelioma occurred in the foot and were composed of a mixture of epithelioid and spindle cell components lacking a considerable degree of cytologic atypia. Because this heterogeneous morphology was not initially recognized as a diagnostic pattern of EH, it can cause confusion with more aggressive malignant neoplasms. However, a similar histologic appearance was described by Keel and Rosenberg under the term ''hemorrhagic epithelioid and spindle cell hemangioma'' [11] . This benign tumor, with propensity for multifocal presentation and acral bone involvement, showed some distinctive features from the typical EH, including abundant extravasated erythrocytes and an admixture of epithelioid cells with bland spindle cells arranged in short fascicles. Nielsen et al. later acknowledged that this lesion is in fact a histologic variant of EH [14] . Our findings support the hypothesis that occasional examples of EH might contain areas of spindling or abundant hemorrhage and should not be used against the diagnosis of EH. Thus, the term 'hemangioendothelioma, not otherwise specified' of bone remains a nebulous, most likely 'wastebasket' diagnosis and should be avoided as much as possible.
All but two tumors in the current series lacked any stromal eosinophils, suggesting that bone and soft tissue EH might have distinct pathogenesis compared with the skin counterparts. Initially described as ''angiolymphoid hyperplasia with eosinophilia'' [17] as a result of its heavy eosinophilic infiltrate, the neoplastic etiology of EH occurring in the skin has been questioned by some authors, who speculate that it might instead be a reactive process owing to its prominent inflammatory infiltrate and angiocentric distribution around a larger vessel with evidence of mural damage and often associated trauma [7] .
It is important to distinguish EH from other epithelioid vascular tumors because of the major differences in their management and clinical outcome. Testing for the presence of WWTR1/CAMTA1 rearrangements by FISH can be used in difficult diagnoses or for tumors with a multifocal/ aggressive clinical presentation. It remains controversial if the presence of multiple organ involvement (bone, soft tissue, lymph node) is merely a manifestation of multicentricity rather than locoregional spread in an otherwise benign lesion. 
